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Dear Ms. Avery, 

Subject: Respiratory Protection for Health Workers Caring for COVID-19 Patients 


This letter is provided in response to your e-mail to me on March 10 2020, in which you asked that | 
undertake the following work for HSABC and NUPGE: 


e Review the report that | authored for HSABC and NUPGE, dated September 9 2009, entitled 
Advisory Report for the Health Sciences Association of British Columbia and the National Union 
of Public and General Employees on Respiratory Protection During Care of Influenza Patients, 
and update any relevant science contained in the report. 


e Provide recommendations regarding the appropriate use of personal protective equipment 
(PPE) specific to COVID-19. 


e Comment on best practices in scenarios given worldwide shortages of supply. Specifically, if 
N95 respirators are the protection of choice at a minimum, but are in short supply globally, what 
is the best recommended protection for healthcare workers. 


You indicated that this information was requested in view of the range of recommendations of public 
health agencies in Canada and internationally with respect specifically to respiratory protection, and the 
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position statement on that subject published February 19 2020 by the Canadian Federation of Nurses 
Unions. 


Review of the Relevant Literature 


| reviewed the current published on-line advice for health care workers provided by the British Columbia 
Provincial Health Services Authority’, Health Canada?, Public Health Ontario?, and United States Centers 
for Disease Control’ with respect to respiratory protection recommendations for health workers 
providing care to persons diagnosed with COVID-19 infection. Using www.archive.org, | also reviewed 
the advice these organizations provided prior to their latest posted editions on the internet. 


To update the state of science since 2009 with respect to aerosol transmission for influenza and 
coronaviruses, and the utility of respiratory protection, | conducted a literature search using the 
University of Toronto on-line library system, and the public internet. My search focused on studies 
published from 2009 to date pertaining to aerosol transmission, and the effectiveness of N95 respirators 
(hereafter simply N95s) versus surgical masks (hereafter SMs), specifically in a clinical care context. 


| retrieved approximately 150 documnets and upon review considered 84 to be relevant to the 
questions of interest to HSABC and NUPGE. | limited my focus to papers that were concerned with 
either influenza, or coronaviruses, as opposed to other respiratory viruses or non-virus microbials. 


Appended hereto is an indexed and alphabetically coded list of those papers®. The reasons for the 
alphabetical coding will be explained below. 


www.bccdc.ca/health-info/diseases-conditions/covid-19/common-questions, accessed March 16 2020. 





* https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/health- 
professionals.html, accessed March 16 2020. 








3 https://www.publichealthontario.ca/-/media/documents/ncov/updated-ipac-measures-covid-19.pdf?la=en, 
accessed March 16 2020. 





* https://www.cdc.gov/coronavirus/2019-ncov/infection-control/control- 
recommendations.html?CDC_ AA refVal=https%3A%2F%2FWwww.cdc.gov%2Fcoronavirus%2F2019- 
ncov%2Fhcp%2Finfection-control.html, accessed March 16 2020. 











5 Time did not permit and this letter should not be misconstrued as an attempted meta-analysis or systematic 
review of the literature. My use of the selected studies is to describe, in an advisory context, the evidentiary basis 
supporting aerosol transmission as a mode for viruses causing serious deep lung infection. 
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Relevance of the 2009 Report Entitled Advisory Report for the Health Sciences Association of British 
Columbia and the National Union of Public and General Employees on Respiratory Protection During 
Care of Influenza Patients to the Current COVID-19 Situation 


All of the content of the 2009 report continues to be accurate and consistent with the literature that has 
been produced from 2009 to date on the subjects of interest. A large amount of research has been 
conducted in the past decade, which has largely strengthened the analysis and conclusions contained 
ithe 2009 report. The discussion below elaborates on the reasons for this being the case. 


The “Controversy” Over Aerosol Transmission 


As you will appreciate, arguments over the need for and benefit of using N95 or better respiratory 
protection over SMs are based on views with respect to the relative contribution of aerosol person-to- 
person transmission in relation to droplet and contact transmission, and the relative effectiveness of 
both types of airway protection. Aerosol transmission of influenza and coronaviruses is often said to be 
“controversial”. This seems an odd characterization, as there is a substantial quantity of high-quality 
research literature that indicates it is plausible and probable. In fact, many authors have gone as far as 
suggesting that it is likely to be a dominant mode for person-to-person transmission of influenzas°. 
Juxtaposed against this is a comparatively sparse knowledge base in support of droplet and contact 
transmission for these particular types of viral infections. 


My consideration of the literature referenced herein makes it difficult for me to comprehend the basis 
for any scientific “controversy”. The science strongly points to the likelihood of aerosol transmission of 
influenza and coronaviruses’ as a significant mode of person-to-person infection. At the same time, 
many public health authorities persist in discounting aerosol transmission while ascribing to theories of 
droplet and contact as dominant modes of transmission, despite the existence of comparatively little 
scientific support. Indeed, the British Columbia Provincial Health Services Authority web site asserts 
with respect to COVID-19 that “the virus is not known to be airborne (e.g. transmitted through the 
particles floating in the air)...”. The latter statement is true in that COVID-19 is not known to be 
transmitted by aerosols, but the missing qualification is that this is only because it has not yet been 
studied. However, studies carried out on many varieties of influenza and coronaviruses have 
demonstrated conditions necessary for aerosol transmission, and thus far, COVID-19 is not known to be 
expelled from patients, nor transmitted in the atmosphere, nor to induce respiratory infection in ways 


© References 3, 18, 36, 37, 51, 66, 68, 75. 


7 For convenience in this paper | use the terms “influenza” and “coronaviruses” to encompass evidence that has 
been developed in relation to a variety of different types and strains of both classes of viruses, and the similarities 
in behavior and characteristics should not be overly generalized. 
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that markedly differ from seasonal influenza or coronaviruses. In other words, for COVID-19, we have 
neither specific positive nor negative evidence with respect to modes of transmission, but we have 
substantial evidence in respect of the influenza and coronaviruses responsible for several global and 
regional outbreaks over the past twenty years. 


Conditions Necessary for Aerosol Transmission, and Research Demonstrating Same 


Figure 1 is provided to illustrate the set of conditions necessary for aerosol transmission of a viral 
infection, and to help organize findings from the research literature and expert opinion on the subject. 
The discussion below summarizes the now a considerable body of research showing that these 
conditions are present and operate in practice. 
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Figure 1 - Conditions Necessary for Aerosol Transmission of Deep Lung Viral Infection 


First, the infected host must expel viruses from the respiratory tract (A). Many studies (indicated by the 
letter “A” in the reference list) have consistently demonstrated that humans constantly expel very small 
(mostly <4 um) aerosol droplets simply by breathing. These are believed to be generated in the alveoli 
during inhalation®. The volume of these fine droplets expelled also increases substantially by talking, but 


8 Reference 25. 
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the source and mechanism for formation of speech-related droplets is not understood, but 
hypothesized to involve the pharyngeal region. The extent of discharge during breathing is influenced 
by a variety of factors specific to the virus, host, infection stage and severity. 


Second, if aerosol transmission is to occur, it is necessary for exhaled viruses to be detectable in the air 
proximate to and distant from the host (B). Many studies (indicated by the letter “B” in the reference 
list) have demonstrated through polymerase chain reaction (PCR) analysis of collected air samples that 
this is the case in the atmosphere near persons infected with influenza viruses. Viruses are initially 
encased in the liquid droplets expelled by ordinary breathing, and dry to droplet nuclei within seconds 
of contact with the atmosphere. The concentrations of exhaled viruses vary considerably between 
individuals and as a function of the stage of infection. They also diminish with distance between the 
host and receptor in ventilated spaces. There is also limited case study evidence that some individuals 
shed viruses when asymptomic or presymptomatic?. Concentrations in the air depend on the distance 
from the host, atmospheric temperature and humidity, and factors specific to the virus. Contrary to 
common assumptions (and information posted on the BC Provincial Health Services Authority web site), 
it does not appear to be that case that persons with deep lung viral infections expel more viruses by 
coughing” than by simply breathing. Evidence suggests that larger droplets expelled by coughing 
originate in the upper respiratory tract and mouth, which are not sites of infection for influenza or 
coronavirus and are not generally virus laden in persons with deep lung infections. It appears that 
breathing accounts for a very high percentage of the total viral shedding by infected persons. 


The earliest studies showing expelled airborne viruses employed PRC analysis to detect viral RNA, but 
this analytical method does not confirm the existence of viable viruses. To address this uncertainty, it 
was necessary to verify that viruses collected from the atmosphere could reproduce, and presumably 
cause infection (C). Many subsequent studies (indicated by the letter “C” in the reference list) 
demonstrated that host expelled viruses collected in the air produce plaques, and therefore are 
presumed to be infectious. 


Fourth, it is necessary for airborne viruses to remain viable for a long enough period to travel through 
the atmosphere to a receptor (D). Not surprisingly, there have been no reported studies evaluating 
atmospheric survival for COVID-19. However, there have been studies conducted on influenza and 
other coronaviruses that indicate airborne viability for an hour or longer in the atmosphere, and 


° Reference 67. 


10 References 22, 24, 39, 56. 
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airborne translocation from hosts to receptors. These studies are indicated by the letter “D” in the 
reference list. 


The subject of airway and eye protection (items E and F in Figure 1) will be discussed below under a 
separate heading. 


With respect to inhalation exposure (G in Figure 1), viable droplet nuclei viruses are in the respirable size 
range, readily inhalable via the nose and mouth, and not filtered out by aerodynamic or mechanical 
processes during travel between the upper airway and deep lungs. With respect to the locus of 
deposition in the lungs (H in Figure 1), a particle of 1 um or smaller behaves aerodynamically in the 
respiratory tract more like a gas than a solid. This means that a during the inhalation and exhalation 
cycle a fraction of inhaled viral material would be deposited by contact with the mucous lining of the 
tissue, and a fraction would remain suspended in the air space of the lungs and then exhaled without 
deposition. However, 1 um inhaled particles will grow in size during passage down the airway due to 
coalescence with water vapour, causing the resulting larger particle population to more efficiently 
deposit in the lower bronchi and alveoli!*. Studies addressing exposure and deposition are indicated by 
the letters “G” and “H” in the reference list. 


Critics of the science summarized to this point might say that evidence demonstrating the potential for a 
receptor to inhale host-expelled viable viruses does not prove that those viruses, once inhaled by a 
receptor, cause infection (although that is, in essence, the basic assertion of the widely held droplet 
theory of transmission). The differences between droplet and aerosol exposure, skeptics might say, is 
that the dose of viable viruses experienced by close proximity exposure to a shower of droplets is 
enormous, while the atmospheric virus concentration produced by aerosol respiratory emissions is too 
low to cause infection; or alternatively that most of the aerosolized viruses would be rendered non- 
viable by aging, whereas the cough droplets are “fresh” when showered onto the receptor. On those 
points, it is worth noting that the evidence simply does not support the contention that in deep lung 
infections coughing produces higher concentrations and total quantities of virus emissions as compared 
to aerosol emissions from breathing — the evidence indicates that the opposite is the case. But more 
importantly, in terms of positively demonstrating infection of inhaled virus aerosols (I in Figure 1), 
studies using inactivated influenza viruses and human volunteers have shown that exposure to 
aerosolized viruses initiate measurable cellular and biochemical immune responses. There is also 
evidence suggesting the infectious dose by inhalation of aerosolized viruses is considerably lower than 
the infectious dose for exposure by droplets or contact. Studies supporting the capacity of low doses of 


“ | 


aerosols to cause infection are indicated by “I” in the reference list. 


1 Reference 25. 
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To summarize, a large body of research using a variety of methods demonstrates that aerosol 
transmission up to the point of human inhalation can and does occur, via the stepwise mechanism 
illustrated in Figure 1. Many observational studies and animal experiments also support the conclusion 
that aerosol exposures lead to lower airway infection. Mathematical modelling of transmission routes in 
outbreaks has also advanced in the past decade, and computational analyses have led some researchers 
to conclude that aerosol transmission is likely to be the dominant mode of transmission, while others 
consider the relative contributions of different transmission modes to be influenced by a variety of 
variables. The research outcomes have significant implications for the choice of respiratory protection 
in patient care work settings. 


Evidence on Respiratory and Eye Protection Against Infection in Health Care Workers 


Figure 1 shows respiratory protection as item E, and eye protection as item F. Several experimental and 
simulated exposure studies have been undertaken to compare the degree of virus penetration through 
N95s versus SMs, retrospective studies have surveyed health care worker infection rates in relation to 
reported respiratory protection use (generally N95 or SMs versus none), and there have been at two 
prospective clinical trials that compared infection rates between health care workers issued N95s versus 
SMs. The results from these four types of studies have been inconsistent. Relevant papers are marked 
“E” in the reference list. 


The experimental and simulated exposure studies consistently show quantitatively that N95s provide 
superior aerosol and droplet protection over SMs. SMs when worn by receptors provide no aerosol size 
fraction protection but can provide some large droplet attenuation subject to the style and manner of 
use affording a tight facial seal. SMs worn by patients are also beneficial in constraining the expulsion of 
large droplets during coughing but do not supress emissions of respiratory aerosols during breathing. 


Retrospective studies comparing the use of either N95s or SMss find that the odds of infection drop 
markedly for N95 users, and less so for SM users, but both devices reduce infection risk when compared 
to no use of either type. One problem with these studies is that the filtration performance 
characteristics of the SMs are generally not reported, and patterns of protective device use and patient 
care task performance are not well tracked or reported. 


The two commonly cited clinical trials!* of health care workers who were issued either N95s or SMs 
found no statistically significant difference in flu infection rates between users of the two types of 
protection over a flu season. However, those studies did not consistently report on subjects’ eye 


12 References 43, 58. 
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protection practices’? (which have been shown to have a large influence on influenza infection”), 
immunization status, respirator use practices, task performance frequencies and durations, 
performance characteristics of the SMs, hygiene practices, nor were the studies controlled for 
community exposures outside the care setting. Also, given the evidence developed in the last decade 
regarding ongoing exhalation of viruses in aerosols by infected persons, it is reasonable to assume the 
health care workers in those studies were regularly exposed at times when they likely deemed it 
unnecessary to use either type of respiratory protection. These design limitations make it impossible to 
draw conclusions regarding the relative protective benefits of N95s versus SMs. At best, the clinical trial 
findings lead to the conclusion that respiratory protection was unlikely to have been properly used in a 
consistent manner by the participants. 


A serious limitation associated with this entire line of respiratory protection research in health care 
settings is a complete lack of information regarding the actual or potential extent of the subjects’ 
individual exposures to viruses over the duration of the study. 


It is important to recognize that SMs are not intended to provide user protection against aerosol 
inhalation. Research on SMs has shown they vary considerably in filtration performance for various 
particle size fractions. Since there is no standard for performance of SMs, it raises the question as to the 
basis for recommendations on SM use by health care workers for viral protection. 


Commentary on the Latest Advisory Positions of the Public Health Authorities for Respiratory 
Protection of Health Care Workers 


BC Provincial Health Services Authority and Health Canada 


From my review of www.archive.org, it appears that the BC Provincial Health Services Authority and 
Health Canada have maintained a consistent position over the past month on the circumstances where 
N95s versus SMs provide appropriate protection. Specifically, both agencies indicate use of SMs for 
routine patient interactions, and N95s only for aerosol generating medical procedures (AGMPs). 


13 In none of the studies were personnel required to wear protective eyewear. This is a significant concern with 
the studies as meta analyses of protective practices have found that the use of vapour protective goggles in 
influenza patient care is almost as protective as using an N95, and that the lowest incidences of HCW infection 
occur (observationally) when there is consistent use of both proper eye protection and fitted N95s. Biological 
studies have also determined that influenza and coronaviruses can utilize ocular epithelial tissues for reproduction, 
and the lacrimal duct is an efficient pathway for virus migration to the respiratory tract. 


14 References 7, 11, 15, 46 
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The BC Provincial Health Services Authority web site provides no information with respect to the 
evidentiary basis for the advice provided, other than indicating as follows: 


Currently, health experts believe that coronavirus cannot be transmitted through airborne 


transmission. 


BC Provincial Health Services Authority made available senior medical and administrative officials for 
teleconferences on March 17 and 18 2020, but those conversations failed to clarify the basis for the 
above assertion, or what they meant by “airborne” transmission. 


The basis for Health Canada’s advice is similarly not reported on their web site. The closest the site gets 
to describing the rational is as follows: 


Current epidemiologic information suggests that limited human-to-human transmission of 
COVID-19 may have occurred in some reported instances where individuals were in close 
contact with symptomatic cases. Until more definitive information becomes available, 
appropriate infection prevention and control measures (contact and droplet precautions) should 
be implemented to prevent onward transmission of the virus. 


The imprecise language seems to say that there has been limited close contact human-to-human 
transmission, which raises the question of how current that epidemiological information is*. 


Public Health Ontario 


Ontario’s position on the need for N95s has shifted during the past month from what it was for the past 
7 years. 


In 2013, a few years after the 2009-2010 H1N1 outbreak, the Ontario Ministry of Health published its 
Ontario Health Plan for an Influenza Pandemic, dated March 2013. In Chapter 5: Occupational Health & 
Safety and Infection Prevention & Control, the document states, 


OCCUPATIONAL HEALTH AND SAFETY & INFECTION PREVENTION AND CONTROL ACTIVITIES 
BEFORE SEVERITY IS KNOWN 


... The MOHLTC recommends Pandemic Precautions (OHS & IPAC precautions specific to an 
influenza pandemic) based on evidence, legislative requirements, the precautionary principle, 


15 This content on the Health Canada site was posted in late January and has not been updated as of March 16 
2020. 
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Ontario Public Service (OPS) values and health equity (such as the use of fit-tested N95 
respirators for workers at risk of exposure to a C/P/R® with influenza-like illness (ILI) or that 
C/P/R’s environment) (italics and bold added). 


More recently, in February 2020, the Ontario Provincial Infectious Diseases Advisory Committee (PIDAC) 
released Best Practices for Prevention, Surveillance and Infection Control Management of Novel 
Respiratory Infections in All Health Care Settings, 1° revision: February 2020, which states the following: 


Airborne Precautions and Droplet/Contact Precautions include’: 
e A fit-tested, seal-checked N95 respirator covering the nose and mouth: 
Oo when entering the client/patient/resident’s room 
o when within two metres of the client/patient/resident. (italics and bold added) 
e Eye protection when within two metres of the client/patient/resident. 
e Gloves and gown to enter the client/patient/resident’s room. 
e Amask worn by the client/patient/resident when outside his or her room or the care area 


and hand hygiene performed on exiting the room. 


The PIDAC document also emphasizes a need for the use of N95 respirators when encountering initially 
non-infected patients who may have been exposed to an infected patient. 


With respect to non-elective AGMPs, PIDAC states?®, 


Non-elective AGMPs should be performed using processes and practices designed to avoid 

generating aerosols, including: 

e Perform the procedure in an AIIR*? with the door closed, whenever possible. 

e Keep the number of people in the room during the procedure to a minimum. Have only 
highly experienced staff perform the procedure. 

e Ensure everyone wears appropriate PPE and is instructed in its use. PPE includes a fit- 
tested, seal-checked N95 respirator, face/eye protection, gloves, gown, and hand hygiene. 
(italics and bold added). The use of PPE extends to family members who are there on 


compassionate grounds. 


16 Case / Patient / Resident 
1” Page 18 of the referenced document. 
18 Page 20 of the referenced document. 


19 Air Isolated Infection Room 
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e Use equipment and techniques that minimize exposure to respiratory pathogens. Refer to 
PIDAC's Annex B: Best Practices for Prevention of Transmission of Acute Respiratory Infection 
in All Health Care Settings. 


More recently in the publication entitled Novel Coronavirus (COVID-19) Guidance for Acute Care, Version 
2 — February 11, 2020, and keeping with advice in the 2013 pandemic plan, the Ontario Ministry of 
Health emphasized the need for N95s for both health care workers and other workers who come into 
contact with patients screened positive, as shown in the excerpt below: 


3. What to do if a patient screens positive at triage? 

e Patients should be given a procedure mask and placed in a room with the possible, to avoid 
contact with other patients in door closed on arrival, where to perform hand common area 
of the practice (e.g., waiting rooms). Patient hygiene at point of entry. 

e Staff must safely use all appropriate PPE including gloves, gown, goggles or eye protection 
and fit tested N95 respirators for clinical assessment, examination and testing. Other 
workers in the hospital who come within the patient’s environment must also use 
appropriate PPE as indicated above. (italics and bold added). 


It is not clear when the Ministry of Health de-prioritized “health equity” as an organization value, but as 
of March 12 2020, the Public Health Ontario web site presented a changed position on the need for N95 
respiratory protection, as shown in the image on the following page. Note that in the image, Public 
Health Ontario draws the seemingly contradictory conclusion that while “the majority of cases are linked 
to person-to-person transmission through close direct contact with someone who is positive for COVID- 
19... There is no evidence that COVID-19 is transmitted through the airborne route”. 
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Health 
Ontario 


TECHNICAL BRIEF 


Updated IPAC Recommendations for Use of 
Personal Protective Equipment for Care of 
Individuals with Suspect or Confirmed 
COVID-19 


March 12, 2020 


Key Findings 


¢ Given updated information on COVID-19, Droplet and Contact precautions are recommended 
for the routine care of patients with suspected or confirmed COVID-19. 


Airborne precautions should be used when aerosol generating medical procedures (AGMPs) are 
planned or anticipated to be performed on patients with suspected or confirmed COVID-19. 


Background 


In January 2020, when the Ministry of Health developed its first guidance for Infection Prevention and 
Control (IPAC) and Occupational Health and Safety (OHS) for COVID-19, there was limited information 
about how the novel coronavirus was transmitted and the spectrum of illness associated with infection. 


Because the epidemiologic data was evolving and little was known about COVID-19, the Ministry applied 
the precautionary principle and initially recommended the use of N95 respirators for patient care and 
specimen collection/testing, as well as patient placement in an airborne infection isolation room (AIIR), 
where possible. This was to be reviewed as new information became available. 


After two and a half months of global clinical experience and updated scientific and epidemiological 
evidence, routes of transmission for COVID-19 reveal the following: 


e COVID-19 cases and clusters demonstrate that Droplet/Contact transmission are the routes of 
transmission. 


The majority of cases are linked to person-to-person transmission through close direct contact 
with someone who is positive for COVID-19. 


There is no evidence that COVID-19 is transmitted through the airborne route. 





United States Centers for Disease Control 


The CDC’s advice is more detailed and specific than that of the Canadian agencies discussed above, but 
the CDC advice on N95 usage has shifted recently in recognition of supply constraints. 


In their website updated to February 21 2020, CDC recommended fitted N95 respiratory protection and 
appropriate eye protection for routine care of infected patients: 
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© Respiratory Protection 
"pte nes ng eel span toe ety te pecan orca een See 


appendix for respirator definition. 


= Disposable respirators should be removed and discarded after exiting the patient's room or care area and 
closing the door. Perform hand hygiene after discarding the respirator. 


a lf reusable respirators (e.g., powered air purifying respirator/PAPR) are used, they must be cleaned and 
disinfected according to manufacturer's reprocessing instructions prior to re-use. 


© Eye Protection 
= Put on eye protection (e.g., goggles, a disposable face shield that covers the front and sides of the face) 
upon entry to the patient room or care area. Remove eye protection before leaving the patient room or 
care area. Reusable eye protection (e.g., goggles) must be cleaned and disinfected according to 
manufacturer's reprocessing instructions prior to re-use. Disposable eye protection should be discarded 
after use. 





The same level of respiratory protection was recommended for AGMPs: 


¢ Use Caution When Performing Aerosol-Generating Procedures 
eo Some procedures performed on COVID-19 patients could generate infectious aerosols. In particular, 
procedures that are likely to induce coughing (e.g., sputum induction, open suctioning of airways) should be 
performed cautiously and avoided if possible. 


o If performed, these procedures should take place in an AIIR and personnel should use respiratory protection as_ 


n addition: 
= Limit the number of HCP present during the procedure to only those essential for patient care and 
procedural support. 


= Clean and disinfect procedure room surfaces promptly as described in the section on environmental 
infection control below. 





On March 10 2020, CDC updated their procedural advice, as described below: 


Interim Infection Prevention and Control Recommendations for Patients with Suspected or 
Confirmed Coronavirus Disease 2019 (COVID-19) in Healthcare Settings 


Summary of Changes to the Guidance: 
e Updated PPE recommendations for the care of patients with known or suspected COVID- 
19: 
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o Based on local and regional situational analysis of PPE supplies (italics and bold 
added), facemasks are an acceptable alternative when the supply chain of 
respirators cannot meet the demand. During this time, available respirators 
should be prioritized for procedures that are likely to generate respiratory 
aerosols, which would pose the highest exposure risk to HCP. 

= Facemasks protect the wearer from splashes and sprays. 

= Respirators, which filter inspired air, offer respiratory protection. 

o When the supply chain is restored, facilities with a respiratory protection program 
should return to use of respirators for patients with known or suspected COVID- 
19. Facilities that do not currently have a respiratory protection program, but care 
for patients infected with pathogens for which a respirator is recommended, 
should implement a respiratory protection program. 

o Eye protection, gown, and gloves continue to be recommended. 

« If there are shortages of gowns, they should be prioritized for aerosol- 
generating procedures, care activities where splashes and sprays are 
anticipated, and high-contact patient care activities that provide 
opportunities for transfer of pathogens to the hands and clothing of HCP. 


CDC makes it clear that the advisory is a response to supply constraints, and N95s use is to continue so 
long as they are available. CDC does not state that the respiratory protective practice changes are based 
on developments in the understanding of COVID-19 disease or its transmission, in contrast to Public 
Health Ontario. 


It is worth noting that a large number of the studies in the reference list were conducted by teams at, or 
with participation of research scientists from the US National Center of Occupational Safety and Health, 
which is part of the CDC. Given the findings of those studies as described above, it is not surprising that 
CDC has recommended the need for N95 in preference to SMs. 


Public Health Commentaries on the State of Science on Modes of Transmission, and Basis for Policy 
Decisions Regarding Respiratory Protection 


To date, none of the Canadian agencies discussed above have published commentaries regarding the 
state of science on modes of transmission for deep lung viral infections, nor how such information 
influences their policy decisions regarding health care worker respiratory protection. This is not only the 
case in respect of COVID-19, but also H1N1, MERS and SARS. CDC, by comparison, has generated an 
extensive body of research on the subject spanning the past decade. 
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It is likely the decisions of public health agencies regarding respiratory protective measures for health 
care workers against infectious diseases in clinical settings involve many considerations. These may 
include the state of knowledge with respect to effectiveness of protective measures, the conclusions 
they draw based on the science they consume; the apparent virulence (which seems still to be low with 
COVID-19); the severity of illness (which for COVID-19 similarly seems to be demographically similar to 
seasonal flu); the relative importance of the modes of transmission (which remain uncertain for COVID- 
19); the consequences to the health care system and community of health care worker illness; the costs, 
availability, practicality and effectiveness of use of different protective measures; anticipated impacts on 
public perceptions; and political considerations. 


Ultimately, if or how the agencies canvassed and weighed these various factors in formulating their 
advice on COVID-19 respiratory protection is unknown. 


Respiratory Protection for Aerosol Generating Medical Procedures 


Several studies identified by the “A” and “E” labels in the reference list measured aerosol droplet output 
and virus output associated with AGMPs. The overall pattern of findings is that most types of AGMPs do 
not generate markedly higher levels of aerosols or airborne viruses in comparison to the amounts 
released by ordinary breathing of the patient”°. Despite this there is considerable evidence of increased 
rates of health care worker infection associated with performance of variety of respiratory microbes 
associated with performing AGMPs7. However, the infection rate observational studies provide no 
insight into the extent of virus exposure, modes of transmission, or the relationship to personnel 
protection practices. 


In the performance of AGMPs for SARS patients, many hospitals implemented respiratory protocols 
involving higher degrees of protection, such as N95s plus non-pressurized or positively pressurized 
hoods. The rationale for this was the observed high rate of transmission between patients and health 
care workers. Thus far with COVID-19 there have not been reports released by any of the public health 
agencies discussed above, nor in the public media, that have indicated elevated rates of patient to 
health care worker transmittal. Also, the COVID-19 morbidity for persons under the age of 60 has been 
quite low”. 


20 References 21, 34, 53, 65, 73. Intubation and mechanical ventilation are reported to be procedures that have 
been observed to increase aerosol expulsion. 


21 References 33, 44 


22 https://www.cdc.gov/media/releases/2020/t0309-covid-19-update.html 
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COVID-19 Infection Risks for Health Care Workers 


As discussed above, there is abundant evidence for exhalation of influenza and coronaviruses by 
patients with deep lung infection. Early published evidence on COVID-19 suggests that severe cases that 
necessitate hospitalization are due to pneumonia (a deep lung infection), and that COVID-19 also infects 
tissues in the mid-airway. It is therefore reasonable to conclude that patients with pneumonia are likely 
to exhale respirable droplets (i.e. those under 10 microns in aerodynamic diameter) containing viruses 
during ordinary and assisted breathing, and that productive coughing may also expel larger visible 
droplets (i.e. 50 microns and larger) containing viruses. In view of this, the principal concern for health 
care workers is the potential for exposure to respirable airborne liquid droplets that are not attenuated 
by SMs, during close proximity (say within 2 meters) contact with infected patients. 


In terms of quantifying the potential risk to health care workers, the experience to late February 2020 in 
China”? was that health care workers constituted approximately 3.8% of the identified cases”*. A news 
media report from March 18 2020 in Italy indicates that health care workers constituted approximately 
8% of the identified cases in that country’. Unfortunately, no published information is available from 
China or Italy with respect to infection prevention and control practices associated with the occurrence 
of health care worker infections, and the contribution of community exposure is similarly unknown. As 
such the rates from China and Italy are not necessarily indicative of what might be expected in Canada. 
However, it does present reason to adopt a protective stance. 


It is likely that limitations in the supply of N95 or better respiratory protection will necessitate the 
adoption of risk-based approaches to allocation. This in turn raises the question of how to gauge the 
level of risk in caring for infected patients. As a starting point in answering the question, it is important 
to recognize that experimental and observational evidence with respect to the transmission of deep 


23 Reference 85. 


4 Inclusion in the case pool in China was based not only on positive test results - cases were also deemed to be 
COVID-19 on the basis of symptomology, and case classification criteria changed over the course of the outbreak. 


25 https://www.repubblica.it/cronaca/2020/03/18/news/coronavirus in vigore il decreto_cura- 
italia aumentano i contagi-251584599/?refresh_ce. From the referenced URL: "The percentage of health 


workers infected by the coronavirus in Italy is almost double the number found in the Chinese emergency. This 
was reported by the Gimbe Foundation, a non-profit institution governed by private law established by the Italian 
group association for evidence-based medicine. Gimbe has reworked the data provided by the Higher Institute of 
Health and calculated that health workers infected with the new coronavirus have risen to 2,629, or 8.3 percent of 
the total cases. The data are up to date yesterday and the president of Gimbe, Nino Cartabellotta, notes that "the 
number of infected health workers is enormous. 8.3% of the total cases is more than double the percentage 
compared to the Chinese cohort”. 
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lung viral infections supports the notion of there being an inhalation dose-response relationship — in 
other words, risk of infection increases with quantity of viral material inhaled. The factors affecting virus 
exposure and inhaled dose by a health care worker when caring for an infected person will include the 
following: 


a. Quantity of virus shedding by the patient, which appears to increase with the severity of 
infection, and in the case of COVID-19 probably with the extent of coughing (increases 
exposure). 

b. Performance of procedures that increase the patient’s ventilation rate and explusion of both 

non-visible and visible droplets from the patient’s airway (increases exposure). 

Proximity of the health care worker to the breathing zone of the patient (increases exposure). 

Frequency and duration of time in close proximity to the patient (increases exposure). 

Number and frequency of close proximity interactions with the patient (increases exposure). 


> oan 


Extent of attenuation of large expelled droplets from the patient by having the patient wear a 
surgical mask (decreases exposure). 

g. Extent of dilution and removal of airborne viral material by the general ventilation system of the 
patient room (decreases exposure) 


These factors can be considered in setting priorities for allocation of respiratory protection, with the 
basic principle being that personnel having higher potential inhalation exposures (and hence doses) are 
presumed to face higher risks, and accorded higher levels of protection. For example, quick infrequent 
tasks in a patient room performed 2 meters away from a patient’s breathing zone would contribute very 
little to a worker’s overall potential exposure, while frequently performed longer duration tasks carried 
out very close to the patient would make a large contribution to the worker’s overall potential exposure. 


Recommendations 


1. With respect to the overall suite of infection prevention and control measures for COVID-19 in 
health care settings, the current guidance provided by the US CDC”’ is superior to that of the 
other agencies discussed herein. The US CDC guidance is by far the most comprehensive, 
protective, and consistent with the evidence | have reviewed and described above. Several key 
recommendations of US CDC source cited herein merit emphasis, with further qualification 
based on the dose-response considerations described above: 

a. Where possible health care workers should use N95 respiratory protection when 
providing care for COVID-19 patients. 


26 https://www.cdc.gov/coronavirus/2019-ncov/infection-control/control-recommendations.html 
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b. Where it is anticipated that logistical constraints may cause supplies of N95 disposable 
respirators to run out, prioritize allocation based on assessment of the extent of 
potential exposure and risk. 

c. Use SMs if N95s become unavailable due to supply constraints but resume use of N95s if 
and when possible. 

d. When performing AGMPs, ensure that room general ventilation operation is optimized 
to maximize air change rates, and that the full suite of protective equipment listed by US 
CDC is utilized. 

e. Eye protection that provides protection from both visible and non-visible droplets (i.e. 
vapour and splash protection goggles) should be used in conjunction with whatever 
manner of respiratory protection is utilized. 


2. While not explicitly addressed in the US CDC guidance, an additional measure to reduce 
shedding by patients is to require wearing of SMs by patients to the extent practical. If 
extended wearing by patients is not practical, having patients don SMss prior to and during close 
proximity interactions with health care workers would confer theoretical protection against 
large droplets that the patient could expel by coughing. Delaying entry into ventilated patient 
rooms for sufficient time to allow several theoretical air changes would also afford further 
aerosol exposure risk reduction. 


3. Health care institutions should perform qualitative aerosol exposure risk assessments, 
considering the aforementioned risk factors, and make decisions with respect to respiratory 
protective equipment allocations based on the outcomes of the analysis. 


4. With respect to the potential constraints on supply of disposable N95 respiratory protection, the 
United States National Academies of Science, Engineering and Medicine?’ have recommended 
the implementation of programs in health care workplaces for safe utilization of re-usable style 
respirators, similar to practices in other workplace sectors. This may present acceptance 
challenges common to the adoption of any innovation in organizations, but in the short term 
would mitigate supply chain limitations if re-usable N95 (or better) respirators are more readily 
available than N95 disposables. In the long run this might be the best and most sustainable 
solution for outbreak scenarios. 


5. As part of the risk assessment described in recommendation 2., consideration should be given to 
identifying occupations in health care settings where persons could be issued re-usable N95 


27 References 27, 50. 
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masks in preference to disposable N95s. For example, personnel working in housekeeping, 
environmental services, SPD, physical plant, etc. who periodically perform tasks in patient rooms 
might be good candidates for issuance of re-usable N95s, as it is likely to be more practical for 
those occupational groups to clean and maintain re-usable masks as compared to front line 
treatment and care personnel. This would extend the supply of N95 disposables. 


Let me know if | can be of further assistance in respect of the matters discussed herein. 


Yours truly, 





Dr. John H Murphy MHSc MBA PhD ROH CIH MACE 
President — Resource Environmental Associates Limited 
Adjunct Professor — Dalla Lana School of Public Health, University of Toronto 
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